Background
Tendinopathy is an overuse tendon injury that occurs in loaded tendons and results in pain and functional impairment, a major problem in sports and occupational medicine. Characteristic changes in tendon structure include loss of type I collagen, increase in proteoglycan content, and neovascularization. This has been termed failed healing response and results in the tendon being less capable of sustaining repeated tensile load. 2 Recently, a new pathology model has been accepted to explain the clinical course of tendinopathy. The Cook and Purdam model 3 states there is a continuum of tendon pathology that, for easier clinical use, has been divided into 2 clear groups: reactive tendinopathy/early tendon disrepair and degenerative tendinopathy/late tendon disrepair. Because the same intervention to all presentations of tendinopathy is unlikely to show efficacy, applying this model might be useful to rationally place specific treatments through the evolution of the pathology. Although many treatments are described for painful tendons, the scientific evidence for most of the conservative and surgical treatments is not always conclusive. Eccentric exercise has evidential basis obtained from randomized controlled trials and is currently included in most treatment algorithms. 4, 5 It involves active lengthening of the muscle-tendon unit and short-term improvements in tendon pain [6] [7] [8] and normalization of tendon structure 9 have been demonstrated. Nevertheless, why eccentric exercise reduces pain in tendinopathy and what is the correct intensity, speed, load, and frequency remains unclear. 2, 10 Other therapeutic options that have shown some positive outcomes for tendinopathies' treatment include shockwaves, Sclerosing Polidocanol Injections, topical nitroglycerin therapy, and cooling therapies. Costicosteoid injections have also shown very good outcomes in the short term but should be avoided due to the cortisone's negative influence on the tendon structure.
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A composition containing mucopolysaccharides, type I collagen, and vitamin C (MCVC) demonstrated efficacy both in in vitro models 12 and human studies. [13] [14] [15] MCVC induces changes in tenocytes metabolism in vitro, thereby helping to preserve the structure of the extracellular matrix. Results indicate that this formulation promotes the endogenous synthesis of collagen type I, avoiding the accumulation of collagen type III and aggrecan, 11 and therefore may interfere with the degeneration of tendon tissue. These findings suggest that MCVC may improve tendinopathy symptomatology, reducing discomfort and improving tendon function. Indeed, in 3 studies in humans, 2 observational and 1 controlled, the consumption of the supplement might be associated with clinical and structural improvements in the recovery of tendinopathies. [13] [14] [15] The goal of this trial was to determine whether daily consumption of a supplement containing MCVC, added to an eccentric exercise program, provided some additional benefit in improving symptoms of chronic noninsertional tendinopathy in patients with a gradually evolving painful condition in the midportion of the Achilles tendon for at least 3 months. In parallel, the specific effect of MCVC when combined with 2 different physical therapies was compared: eccentric training (EC) or passive stretching (PS). Finally, whether there is a different response pattern to the aforementioned treatments depending on the pathology stage of the patient (reactive tendinopathy vs degenerative tendinopathy) was assessed.
Patients and Methods

Experimental Approach to the Problem
This was a nutrition-based, randomized, controlled, multicenter trial to assess the efficacy and safety of a supplement containing MCVC combined with either an EC or PS program, and compared with EC alone. Patients were randomly assigned to 1 of 3 treatment groups: EC, combination of EC and MCVC, and combination of PS and MCVC. Patients were assigned a randomization number taken from a computer-generated randomization list following the chronological order by which they were included in the study, independent of the stage of their tendinopathy.
It was conducted in men and nonpregnant women, aged 18 to 70 years, with painful noninsertional Achilles tendinopathy of the midportion for at least 3 months. Diagnosis was based on clinical examination showing a painful thickening of the Achilles tendon located 2 to 6 cm above the tendon insertion, and confirmed by ultrasonography; specifically, local thickening of the tendon, irregular tendon structure with hypoechoic areas, and irregular fiber orientation. Clinical suspicions of insertional tendinopathy, tendon rupture (Thomson test and palpable gap), neural disorder, systemic disease, like gout, spondylarthropaty, rheumatoid arthritis and sarcoidosis, or pregnancy were considered exclusion criteria. Patients which already received a previous treatment with eccentric training or PRP for the studied injury were also excluded.
The stage of the tendinopathy was classified into 2 subgroups according to the Cook and Purdam pathology model: patients with reactive tendinopathy and patients with degenerative tendinopathy. Based on ultrasonographic assessment, reactive tendinopathy is characterized by swollen tendon and diffuse hypoechogenicity occurring between intact collagen structures ( Figure 1A ), whereas degenerative tendinopathy shows increased matrix disorganization represented by hypoechoic regions with few reflections from collagen fascicles and clear neovascularization usually visible on Doppler ultrasound ( Figure 1B) . Stage of tendinopathy was assessed using imaging criteria. To avoid variations between centers, a single specialist blinded to the study group of the participants evaluated the imaging across all study sites. Figure 2 . A total of 58 participants fulfilled the inclusion criteria and consented to take part in the study. The intention to treat (ITT) population was defined by all the participants who took at least 1 unit of the trial product. The subjects did not receive any financial incentive to participate in the study but received the assigned treatment free of charge.
The study was approved by the official Clinical Research Ethical Committees of Consell Català de l'Esport, Barcelona, Spain. The protocols followed the principles found in the Helsinki Declaration. This trial was registered with ClinicalTrials.gov (No. NCT01691716). All participants provided written informed consent before enrollment into the trial.
Procedures
Patients allocated in the EC training group were instructed to perform a training protocol according to Alfredson et al. 16 To guarantee the consistency of the procedures among different research centers, the protocol was agreed upon by all the researchers in prestudy meetings, and its correct execution was confirmed by a physiotherapist every week. Two types of eccentric exercises were used. The gastrocnemius muscle was eccentrically loaded both with the knee straight and, to maximize the activation of the soleus muscle, also with the knee bent. Each of the 2 exercises included 15 repetitions done in 3 sets. This protocol was repeated twice per day, 7 days a week, for 12 weeks.
Compliance with the exercise protocol was recorded weekly by the physiotherapist. The minimum compliance to allow inclusion in the final analyses was 70%.
A B Achilles tendon
Achilles tendon Patients in the EC þ MCVC group consumed 3 capsules per day containing 435 mg mucopolysaccharides, 75 mg collagen type I, and 60 mg vitamin C (TendoActive; Bioiberica SA, Palafolls, Spain) and followed the EC protocol. Patients in the PS þ MCVC group consumed the dietary supplement and were instructed to perform a personalized protocol of passive stretching that was supervised weekly by a physiotherapist. PS routines were included in the program to guarantee the same weekly monitoring in all the study groups. A standard protocol was applied, including 2 exercises to stretch the gastrocnemius muscle and 2 for the soleus muscle. Each exercise was performed for 30 seconds. Patients performed the stretching exercises consecutively, switching between the muscle groups without rest.
Primary Outcome
Patients were evaluated at baseline, 6 weeks, and 12 weeks after the beginning of the treatment protocol with the original English version of the validated Victorian Institute of Sports Assessment-Achilles (VISA-A) questionnaire. The VISA-A questionnaire scores range from 0 to 100, with higher scores corresponding with less pain and increased activity.
Secondary Outcome
Every week, pain was evaluated at rest and during activity using a visual analog scale (VAS). The evolution of the affected tendons was monitored ultrasonographically on every visit and bilateral thickness was recorded. Bilateral thickness was measured in the transversal section of the more thickened cross point at a level of 2 to 6 cm above the tendon insertion. The safety profile of the given therapeutic approaches was also assessed during the study.
Statistical Analysis
The statistical analysis followed the statistical plan according to the principles specified in the guidelines of the International Council for Harmonization of Statistical Principles for Clinical Trials and of the Committee for Proprietary Medicinal Products with the Efficacy Working Party Points to Consider on Multiplicity Issues in Clinical Trials. All statistical tests were applied with an α ¼ 0.05 2-sided significance level. No interim analyses of efficacy were planned for this study and, therefore, no multiplicity adjustments were needed. The primary efficacy analysis was conducted to evaluate the absolute change from baseline to last visit of the VISA-A score, using an ANCOVA model with the baseline value as a covariate and a baseline observation carried forward approach on ITT. All secondary efficacy variables were assessed similarly as primary variables using an ANCOVA model with the baseline value as a covariate.
Treatment effect was also evaluated in 2 subgroups designed according to the Cook and Purdam pathology model: patients with reactive tendinopathy and patients with degenerative tendinopathy.
Results
Three participants were excluded from the randomized population for not having attended the inclusion visit (1 in the PS þ MCVC group and 2 in the EC þ MCVC group). Fifty-five participants (94.83% of those randomized) entered the ITT population; 23 had reactive tendinopathy and 32 degenerative tendinopathy. A CON-SORT diagram of participant flow through the trial is shown in Figure 2 . The average (SD) age was 38.9 (6.6) years for the EC group, 43.5 (14.5) years for the EC þ MCVC group, and 40.2 (10.6) years for the PS þ MCVC group. The participants were mostly men: 78%, 82%, and 80% in the EC, EC þ MCVC, and PS þ MCVC groups, respectively. There were 5, 9, and 9 patients with reactive tendinopathy and 15, 8, and 9 patients with degenerative tendinopathy in the EC, EC þ MCVC, and PS þ MCVC groups, respectively. There were no significant differences at baseline in any of the clinical outputs of the study. No participants were excluded from the ITT population due to protocol violation.
When analyzing the obtained data regardless of the patient's stage of disease, a significant improvement in VISA-A score was detected in all 3 treatment groups at 6 and 12 weeks' follow-up, when compared with baseline. There was no between-group effect for the primary outcome of VISA-A questionnaire between baseline and the end of the study (P 4 0.1). In all the studied groups, VAS-rated pain was reduced both at rest and during activity after the 12-week treatment. Differences in pain reduction among treatments were found between the PS þ MCVC and the EC groups, being significant at rest: for PS þ MCV (-3. In patients with reactive tendinopathy, the improvement of the VISA-A score at 12 weeks' follow-up was 56% for the PS þ MCV group, 44% for the EC þMCV group, and 30% for the EC group (Table I ) (P ¼ 0.154). Although no statistically significant results were found, a tendency toward significance was found in the EC and EC þ MCVC groups (P ¼ 0.069). In patients with degenerative tendinopathy, improvement in VISA-A score had the same magnitude among treatments (Table II) . Similarly, pain at rest improved in all 3 groups of treatment in all randomized patients. In patients with reactive tendinopathy, the pain reduction at 12 weeks' follow-up was greater for the group PS þ MCVC (-3.815 [0.8] cm) compared with the EC group (-2.80 [1.0] cm) (P o 0.05). For the EC þ MCVC group the pain reduction cannot be compared in absolute values because the mean pain value at rest was not balanced at baseline (Table I ). In patients with degenerative tendinopathy, the magnitude of the pain reduction was similar among the study groups (Table II) . The evaluation of pain during activity followed the same pattern of response as pain at rest, although differences among treatment groups failed to reach statistical significance, either in reactive or in degenerative tendinopathy.
The bilateral thickness of the affected tendon remained constant during the study period in patients in the EC and EC þ MCVC groups from the ITT population. In contrast, a significant reduction (-0.63 [0.3] mm; P o 0.05) was detected in patients in the PS þ MCVC group. In patients with degenerative tendinopathy, a significant reduction was registered in the PS þ MCVC group (P o 0.05), whereas no differences were detected in patients with reactive tendinopathy (Table III) .
Discussion
In this study, 3 different interventions have been evaluated: EC alone, the combination of EC with a dietary supplement containing MCVC, and an alternative physical therapy such as PS combined with the dietary supplement in patients with Achilles tendinopathy. The main goal was to determine the additional benefit of MCVC to a physical therapy program.
After 90 days, all 3 treatment groups experienced significant improvements from baseline in VISA-A, VAS-rated pain at rest, and VAS-rated pain during activity. These improvements were not only statistically, but also clinically, significant because the minimum clinically important difference is 9 mm for VAS-rated pain and 6.5 points in the VISA-A scale. 17, 18 The clinical improvements registered as a result of the EC training agree with those previously described 16, 19 and were expected because EC is currently the gold standard for Achilles' tendinopathy treatment. The addition of MCVC to EC significantly improved pain, but not function-related outcomes. When patients were divided according to severity of tendinopathy, a statistically significant clinical benefit from MCVC in patients with reactive but not degenerative tendinopathy, as determined by VAS-rated pain, was clearly observed. Although functionality, assessed with the VISA-A test, did not reach a statistically significant improvement it showed a tendency toward significance, although statistical significance was not reached due to low patient number. However, it reached a clinically significant improvement because it increased more than 6.5 points in both MCVC groups compared with controls. According to the model described by Cook and Purdam, 3 in reactive tendinopathy a homogeneous, noninflammatory cell response to load that leads to metaplastic change in cells and cell proliferation is found. Theoretically, this cellular deregulation could be counterbalanced by the effects of MCVC on tenocyte metabolism, as described by Shakibaei et al. 12 In degenerative tendinopathy, areas of cell death due to apoptosis, trauma, or tenocyte exhaustion in tendons have been reported. 20 In this stage of the pathology the efficacy of MCVC could be limited by the reduced viability of the tenocytes.
In this study, a protocol of PS supervised by a physiotherapist and adjusted personally and supplemented with MCVC was shown to improve pain reduction and function recovery as good as a standard EC in both reactive and degenerative tendinopathy. Although the efficacy of the eccentric gastrocnemius muscle training has been widely described, 21 less data about the efficacy of a protocol of PS are available. It has been recently published that isometric exercises could induce pain reduction in patellar tendinopathy. 22 Because PS implies a certain degree of isometric contractions, the potential analgesic effect of this intervention could partially explain the clinical findings for this group. To elucidate the contribution of the PS protocol and the MCVC supplement to the clinical improvement, an additional group of patients following the PS program but without the MCVC supplement would have been required. From our study the placebo effect cannot be assessed because the groups not receiving the MCVC supplement did not receive an inert capsule. Another weakness from the study is the lack of blinding of the therapists treating the patients. Although the lack of blinding could potentially interfere with the results, we think that this should not have had a major impact on the patients' evaluation and reported outcomes as greater improvements were expected from the EC+MCVC treatment compared to the PS+MCVC group and the obtained data did not match the expectations. Regarding the structural changes during the study period, it has been previously described that a program of eccentric exercise is valid in the symptomatic nonoperative management of tendinopathy, probably by promoting collagen fiber cross-linkage formation within the tendon and, thereby, facilitating tendon remodeling. 23 Previous studies report increased Type I collagen synthesis and reduction of fluid within the tendon after eccentric training offering a possible explanation for the mechanism of tendon healing. 24, 25 Nevertheless, actual histologic adaptations after a program of EC or PS remain unclear. In this trial, the stretching program improved tendon structure when compared with baseline, as evidenced by a reduction in tendon thickness in patients with degenerative tendinopathy. During the study period no structural improvement was registered in the groups following the EC. This might be caused by the harshness of EC, which applies some degree of aggression to the tendon structure, and could maintain longer a temporary reactive disorganization of the tendon tissue. programs. Besides concentric exercises, one study found that isometric muscle contractions reduce pain in patellar tendinopathy. Further research on this field is required as the effectiveness on the Achilles tendon cannot be assessed. 22 Due to the existing uncertainty in the programs equivalence, the routine that has shown higher effectivity was chosen. According to these findings, a dietary supplement containing MCVC seems to present a high safety profile and to be useful for managing tendinopathies, providing some additional benefit to EC, especially in early stages of the disease. In the reactive phase, tendons present a short-term adaptation to overload with thickening and increased stiffness, but without severe matrix and vascular changes. A reactive tendon has the potential to revert to normal if the overload is sufficiently reduced or if there is enough time between loading sessions. 3 In this type of patient, supplementation with MCVC may be an efficient therapy when combined with EC or PS. Conversely, in degenerative pathology the tendon presents areas of cell death, vessel-filled matrix, matrix breakdown products, and little collagen, and therefore the reversibility of pathologic changes is limited. 3 Although a nutrition-based approach is less likely to offer a clinical benefit at this stage, certain clinical improvements were observed in the PS-MCVC group during our study. However, further studies with larger sample sizes are required to confirm the efficacy of MCVC for the dietary management of tendinopathy.
Conclusions
The data obtained from this study confirm the therapeutic potential of EC for the management of tendinopathy, both at reactive and degenerative stages. The novelty of this study is that it shows the effects of a new therapeutic approach consisting of personalized stretching routines and dietary supplementation with MCVC. In patients with reactive tendinopathy, supplementation with MCVC further decreased pain levels compared to EC alone, so it could be included in the therapeutic arsenal for tendinopathy. In patients with degenerative tendinopathy, supplementation with MCVC could not improve the outcome of EC. Despite the lack of blinding and placebo treatment, the obtained results suggested that for patients with difficulties in performing EC due to advanced age, illness, or extreme tendon injury, a PS program supplemented with MCVC could be an alternative treatment to be taken into account.
